A Gram-stain-negative, aerobic, non-spore-forming, non-motile, oval to rod-shaped, prosthecate bacterium, designated strain WM6 T , was isolated from a seawater sample collected from the South China Sea at a depth of 150 m and subjected to a polyphasic taxonomic investigation. Cells of strain WM6 T were approximately 0.5-0.6 µm in width and 0.8-1.2 µm in length, and colonies were smooth, circular, convex and whitish yellow. Strain WM6 T was found to grow at 10-45 C (optimum, 30 C), at pH 6.5-9.0 (optimum, pH 7.5-8.5) and with 1-6 % (w/v) NaCl (optimum, 1-2 %). Chemotaxonomic analysis showed the predominant respiratory quinone and the major fatty acid of strains WM6
T , which belongs to a novel species of a new genus within the family Hyphomonadaceae of the Alphaproteobacteria.
During August to September 2012, a survey was undertaken to investigate the microbiological biodiversity in the South China Sea. Some of the seawater samples from this survey were collected and then stored at 4 C until this study. In this study, strain WM6
T was isolated from a seawater sample collected from the South China Sea (115 28¢ E 18 21¢ N) at a depth of 150 m. The water sample was diluted using a standard dilution-plating method [10] , spread on modified marine agar 2216 medium and incubated at 28 C. The modified marine agar 2216 medium contained (per litre distilled water): yeast extract 0.5 g, peptone 0.1 g, ferric citrate 0.1 g, NaCl 19.45 g, MgCl 2 Á6H 2 O 8.8 g, CaCl 2 Á2H 2 O 1.8 g, KCl 0.55 g, NaHCO 3 0.16 g, Na 2 SO 4 3.24 g, KBr 0.08 g, SrCl 2 34 mg, H 3 BO 4 22 mg, NaSiO 4 4 mg, NaF 2.4 mg, NH 4 NO 3 1.6 mg, Na 2 HPO 4 8 mg and agar 20 g, pH 7.4 adjusted with NaOH. After 48 h of incubation, one whitish yellow colony was collected and named as WM6
T . After repeated purifying, the strain was routinely cultured in marine broth (MB; BD). Strain WM6
T was maintained for short-term storage on marine agar (MA; BD) slants or plates at 4 C for 4 weeks. For long-term preservation, cultures were preserved in liquid nitrogen, by lyophilization or frozen at À80 C with 30 % (v/v) glycerol. Reference strains used in this study (Hyphomonas polymorpha JCM 21104 T and Maricaulis maris DSM 4734 T ) were purchased from the Japan Collection of Microorganisms (JCM) and the Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (DSMZ), respectively.
The Gram reaction was tested by using the Gram staining method as described [11] . Cell morphology was examined by optical microscopy (BX40; Olympus) and transmission electron microscopy (JEM-1230; JEOL) using exponentially growing cells which were incubated on MA for 24 h; the hanging drop method and section method were used for sample preparation. In the hanging drop method, cells were immobilized and stained with uranyl acetate, in the absence of embedding matrix. In the section method, cells were immobilized by glutaraldehyde, stained with osmic acid and embedded in agar. Growth at various NaCl concentrations (0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 6 and 8 %, w/v) was determined in NaCl-free MB (prepared according to the MB formula, but without Na + or Cl À ) supplemented with different NaCl concentrations. The pH range for growth was determined at intervals of 0.5 pH units by adding 40 mM MES (BBI, pH 5.0-6.0), MOPS (BBI, pH 6.5-7.5), Tricine buffer (BBI, pH 8.0-8.5) or CAPSO (BBI, pH 9.0-10.5) to MB, respectively. The temperature range for growth was determined in MB at 4, 10, 15, 20, 25, 28, 30, 35, 37, 40, 45 and 50 C. Growth was monitored by measuring OD 590 in a UV/visible spectrophotometer (Ultrospec 6300 pro; Amersham Biosciences).
Oxidation of 1 % p-aminodimethylaniline oxalate was used to detect oxidase activity. Catalase activity was determined by observing bubble production in 3 % (v/v) H 2 O 2 solution with optical microscopy (BX40; Olympus). Degradation of starch, L-tyrosine and alginate and hydrolysis of Tweens 20, 40 , 60 and 80 were tested as described previously [12] . Nitrate reduction, urease activity and the ability to hydrolyse aesculin, casein, filter paper and gelatin were determined as described by Sun et al. [13] . H 2 S production was determined as described by Wu et al. [14] . GN2 MicroPlates (Biolog) were used to detect the utilization of organic substrates according to the manufacturer's instructions. Acid production was tested by using API 50CH (bioM erieux) strips. Leifson modified O/F medium (MOF) [15] was used to suspend the cells for inoculation in the API 50CH tests. API 50CH strips were read after 24 and 48 h. Additional physiological characteristics and enzyme activities were tested by API 20NE and API ZYM strips (bioM erieux) which were observed after 24 and 4 h, respectively. Antibiotic sensitivity was detected on MA with discs containing the following antibiotics (µg per disc unless stated otherwise; 0.5 cm in diameter): ampicillin (10), bacitracin (0.04 IU), carbenicillin (100), chloramphenicol (30) , erythromycin (10), gentamycin (10), kanamycin (30) , nalidixic acid (30) , nystatin (100), ofloxacin (5) and sulfamethoxazole (1.25) at 30 C. After 36 h, the size of inhibition zones was measured, with diameters of >1.5 cm, 1-1.5 cm and <1 cm regarded as positive, weakly positive and negative inhibition, respectively. Cells for analysis of fatty acid methyl esters were incubated on MA at 30 C for 24 h and analysed according to the instructions of the Microbial Identification System (MIDI, Microbial ID) with the standard MIS Library Generation Software version 4.5. The polar lipids were extracted, separated on silica gel 60 F 254 plates (10Â10 cm; Merck) and further analysed as described [16] . Isoprenoid quinones were analysed using reversed-phase HPLC as described [17] .
Genomic DNA was collected using the method of Sun et al. [18] . The 16S rRNA gene was amplified by PCR with bacterial universal 16S rRNA gene primers 27F (5¢-GAGAGTTTGATCCTGGCTCAG-3¢) and 1492R (5¢-TACGGYTACCTTGTTACGAC-3¢) and cloned into pMD 19 T vector (TaKaRa) for sequencing [19] . The almostcomplete 16S rRNA gene sequence of strain WM6
T was identified using the EzTaxon-e service [20] via the EzTaxon-e tool. Phylogenetic trees were reconstructed by the neighbour-joining (NJ; [21] ) and maximum-likelihood (ML; [22] ) methods with the MEGA 5 program package [23] . According to the algorithm of the Kimura twoparameter model [24] for the NJ method, evolutionary distances were calculated with the MEGA 5 program package [23] . To confirm the phylogenetic tree reconstructed by MEGA, the All-Species Living Tree LTPs123 and database arb-6.0.6 were used as the reference; the SINA webserver [25] and ARB software [26] were used for the alignment of 16S rRNA gene sequences into LTPs123 and generation of a new ML phylogenetic tree, respectively. For the measurement of G+C content, genomic DNA was hydrolysed with P1 nuclease (Sigma). The nucleotides were dephosphorylated with calf intestine alkaline phosphatase (TaKaRa). The G+C content of these deoxyribonucleosides was determined by reversed-phase HPLC and calculated from the ratio of deoxyguanosine (dG) to thymidine (dT) [27] .
Cells of strain WM6
T were Gram-stain-negative, aerobic, non-spore-forming, non-motile and oval to rod-shaped (0.5-0.6 µm in width and 0.8-1.2 µm in length), prosthecate and multiplied by binary fission (Fig. 1) . Moreover, binary fission was found to be constrictive and completed without formation of a septum. Colonies were 0.1-0.2 mm in diameter, smooth, circular, convex and whitish yellow after growth on MA at 30 C for 2 days. The temperature range for growth was 10-45 C (optimum, 30 C). Growth occurred at pH 6.5-9.0 (optimum, pH 7.5-8.5) and with 1-6 % (w/v) NaCl (optimum, 1-2 %). No growth was observed without NaCl. Strain WM6
T was susceptible to ampicillin (10 µg), erythromycin (15 µg), chloramphenicol (30 µg), carbenicillin (100 µg) and nalidixic acid (30) , but resistant to gentamycin (10 µg), kanamycin (30 µg), bacitracin (0.04 U), nystatin (100 µg), ofloxacin (5 µg) and sulfamethoxazole (1.25 µg). Other physiological and biochemical characteristics of strain WM6
T are included in the species description.
A comparison of the physiological and biochemical characteristics of strain WM6 T and other genera in the family Hyphomonadaceae was carried out. Strain WM6
T shared some characteristics with other genera, such as C 18 : 1 !7c as one of the major fatty acids, Q-10 as the major quinone, producing prosthecae and particular polar lipids such as monoglycosyldiglyceride (MGDG), glucuronopyranosyldiglyceride (GUDG) or sulfo-quinovosyl diacylglycerol (SQDG). Strain WM6
T reproduced by binary fission as with the group including the genus Maricaulis but not by means of budding as with the group including the genus Hyphomonas. Strain WM6
T also differed from other genera by many characteristics including the (optimal) temperature range for growth, (optimal) NaCl tolerance, activities of catalase and oxidase, existence of flagella, ability to reduce nitrate and some chemotaxonomic characters (i.e. DNA G+C contents, cellular fatty acid profiles and major known polar lipids) (Table 1) . Moreover, we also compared the physiological and biochemical characteristics between strain WM6
T , Hyphomonas polymorpha JCM 21104 T (the type species of the type genus in the family Hyphomonadaceae) and Maricaulis maris DSM 4734
T (the type species of the most closely related genus). Several characteristics including NaCl concentration for growth (and optimal Table 2 . There were great differences between the new isolate and the reference strains. The major fatty acid (>10 %) of strain WM6 T was C 18 : 1 !7c as in many Alphaproteobacteria, while the major fatty acids of Hyphomonas polymorpha JCM 21104 T were C 17 : 1 !8c, C 17 : 1 !6c, C 17 : 0 and C 18 : 1 !7c, and in Maricaulis maris DSM 4734 T were C 16 : 0 , iso-C 17 : 1 !9c and C 18 : 1 !7c. The large proportion of C 17 : 1 !8c, C 17 : 1 !6c and C 17 : 0 discriminates Hyphomonas polymorpha JCM 21104
T from strain WM6
T and the major fatty acids C 16 : 0 and iso-C 17 : 1 !9c in Maricaulis maris DSM 4734
T differentiate it from strain WM6 T . In addition, although C 18 : 1 !7c existed in all strains as a major fatty acid, the proportions (strain WM6 T , 67.5 %; Hyphomonas polymorpha JCM 21104 T , 14.7 %; Maricaulis maris DSM 4734 T , 26.3 %) were very different. The respiratory quinone of strain WM6
T was determined to be ubiquinone-10 (Q-10, >99 %), which was same for Maricaulis maris DSM 4734 T (Q-10; [8] ), but different from Hyphomonas polymorpha JCM 21104 T (Q-11, <90 %; Q-10, » 10 %; [6] ). The main polar lipids of strain WM6
T were phosphatidylglycerol, GUDG, MGDG, SQDG, seven unknown glycolipids (GL1-7) and two unknown lipids (L1-2) (Fig. S1 ).
16S rRNA gene sequence analysis indicated that strain WM6
T represents a novel species of a new genus within the family Hyphomonadaceae of the Alphaproteobacteria. In the 16S rRNA gene sequence alignment, strain WM6
T was related most closely to the genus Maricaulis at a similarity range from 92.3 to 93.8 %. The phylogenetic trees, using 16S rRNA gene sequences, reconstructed with all three treeing methods (NJ, and ML in both MEGA and ARB software) showed that strain WM6
T constituted a separate branch in the family Hyphomonadaceae (Fig. 2) . The DNA G+C content of strain WM6
T was 59.8 mol% (as determined by HPLC), which could be used to discriminate the new isolate from Hyphomonas polymorpha JCM 21104 T (60-61 mol%; [5] ) and Maricaulis maris DSM 4734 T (62.5 mol%; [8] ).
On the basis of the physiological, chemotaxonomic and genotypic characteristics, it is proposed that strain WM6
T represents a novel species of a new genus within the family Hyphomonadaceae, for which the name Hyphobacterium vulgare gen. nov., sp. nov. is proposed.
DESCRIPTION OF HYPHOBACTERIUM GEN. NOV.
Hyphobacterium (Hy.pho.bac.te'ri.um. Gr. n. hyphê a web, thread; L. neut. n. bacterium a small rod; N.L. neut. n. Hyphobacterium thread-producing rods).
Cells are Gram-stain-negative, aerobic, non-spore-forming, non-motile, prosthecate and multiply by binary fission. Growth occurs over a wide range of NaCl concentrations (1-6 %) and temperature (10-45 C) . No growth is observed without NaCl. Mesophilic, neutrophilic and chemo-organotrophic. Catalase-and oxidase-positive. The major isoprenoid quinone is ubiquinone-10 (Q-10). The most abundant fatty acid is C 18 : 1 !7c. The main polar lipids are phosphatidylglycerol, GUDG, MGDG and SQDG. The DNA G+C content is around 59.8 mol%. The type species of the genus is Hyphobacterium vulgare.
DESCRIPTION OF HYPHOBACTERIUM VULGARE SP. NOV.
Hyphobacterium vulgare (vul.ga're. L. neut. adj. vulgare usual, common).
Cells are oval to rod-shaped (0.5-0.6 µm in width and 0.8-1.2 µm in length). Colonies are 0.1-0.2 cm in diameter, smooth, circular, convex and whitish yellow after growth at 30 C for 2 days. The temperature range for growth is 10-45 C (optimum, 30 C). Growth occurs at pH 6.5-9.0 (optimum, pH 7.5-8.5) and with 1-6 % (w/v) NaCl (optimum, 1-2 %). Nitrate is not reduced to nitrite. The type strain is WM6 T (=MCCC 1K03222 T =KCTC 52487 T ), isolated from seawater from the South China Sea (115 28¢ E 18 21¢ N) at a depth of 150 m. The DNA G+C content of the type strain is 59.8 mol% (as determined by HPLC).
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